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Summary
Background: The hypothesis that cerebral embolism plays no role in late septic encephalopathy
and septic shock is based on indirect clinical evidence in the literature. The goal of this study
was to prove the hypothesis that cerebral embolism plays no role in the pathophysiology of
sepsis by direct evidence.
Methods: To examine this hypothesis, 20 patients with a late septic encephalopathy and sep-
tic shock were examined for direct evidence of ongoing cerebral embolism with transcranial
Doppler for 30min. Clinical data analysis included age, gender, cause of sepsis (gram-positive
or -negative microorganisms), an index of severity of illness (the APACHE II score) and outcome
(survivor/non survivor). Cerebral embolism was quantiﬁed by embolus detection software.
Findings: The study revealed no ongoing cerebral embolism during sepsis.
Conclusion: Cerebral micro-embolism plays no role in cerebral dysfunction during sepsis. This
negative ﬁnding has an important clinical repercussion, because if transcranial Doppler exams
should reveal ongoing cerebral embolism in septic shock, the embolism cannot be attributed to
the septic shock itself rather it would indicate for a vigorous search for an embolic source.
© 2012 Elsevier GmbH.
Abbreviations: APACHE II, Acute Physiology and Chronic Health
valuation II; dB, Decibel; EDS, embolus detection system; ICU,
ntensive Care Unit; MCA, middle cerebral artery; MES, micro-
mbolic signal; SPSS, Statistical Package for the Social Sciences;
CD, transcranial Doppler.
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he mortality rate of patients who experience a septic shock
nd subsequent multi-organ failure is high [1]. Encephalopa-
hy is often the ﬁrst manifestation of sepsis and septic
atients with encephalopathy have a higher mortality than
hose without encephalopathy. These ﬁndings suggest that
ncephalopathy may be a cause of death in septic patients.
he encephalopathy of sepsis can be classiﬁed as either
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iRole of cerebral embolism in pathophysiology of sepsis
‘‘early or septic encephalopathy,’’ that presents beforemul-
tiple organ failure occurs or ‘‘late encephalopathy’’ that is
accompanied by multiple organ failure, hypotension, and
other systemic phenomena. Early reports suggested that
septic encephalopathy may be caused by disseminated cere-
bral micro-abscesses caused by septic micro-emboli but
postmortem studies failed to ﬁnd micro-abscesses in the
brains of patients with septic encephalopathy [2—4]. Similar
proportions of septic patients with gram-negative bac-
teremia, gram-positive bacteremia, fungemia or patients
without an identiﬁed causative organism develop septic
encephalopathy [5]. Another argument not in favour of cere-
bral embolism as a causative factor of septic encephalopathy
is the fact that it is not associated with an increased
stroke risk. These ﬁndings, together with the fact that
encephalopathy occurs in noninfectious conditions such as
pancreatitis, suggest that infecting organisms and/or their
toxins do not directly cause encephalopathy [6]. Instead
of septic micro-embolism recent studies showed that the
etiology of septic encephalopathy involves a complex of
factors which includes reduced cerebral blood ﬂow and
oxygen extraction by the brain, cerebral edema, and dis-
ruption of the blood brain barrier that may arise from the
action of inﬂammatory mediators on the cerebrovascular
endothelium, abnormal neurotransmitter composition of the
reticular activating system, impaired astrocyte function,
and neuronal degeneration [7].
Until recently no techniques were available to measure
ongoing cerebral embolism in septic patients. Therefore
there are no reports in the literature available that test the
hypothesis that ongoing cerebral embolisation plays no role
in patients who experience a septic encephalopathy during
septic shock. Due to the high temporal resolution of tran-
scranial Doppler ultrasound (TCD) it is possible to determine
accurately ongoing cerebral embolism [8]. Recently reliable
automatic algorithms have been developed which facilitate
embolus detection [9]. The present study has been designed
to study the relation between sepsis and cerebral embolism
based on the presumption that late septic encephalopathy
and septic shock are not associated.
Methods
To determine the incidence of ongoing cerebral embolism
during a late septic encephalopathy and septic shock
patients weremonitored by transcranial Doppler ultrasound.
The Doppler audiosignal was analysed by a recently devel-
oped and validated embolus detection system (EDS), which
allows automatic detection of micro-embolic signals (MES)
[10]. The ﬁnal classiﬁcation of the presence of cerebral
embolism was done by two human experts. To rule out the
presence of pre-existent active embolic sources, patients
with known embolic sources were excluded.
Study design
This was an observational study at two intensive care units
of both the Haga Teaching Hospital (The Hague) and Antonius
Hospital (Nieuwegein/Utrecht) in the Netherlands. Patients
met the following inclusion criteria: they are over 18 years
old and they suffered from a septic shock according to
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one’s criteria [11]. As late septic encephalopathy is always
resent in patients who have a septic shock, the late sep-
ic encephalopathy itself was not further speciﬁed in the
nclusion criteria.
Exclusion criteria were absent temporal windows (which
o not allow a TCD examination). Moreover patients with
re-existing sources of cerebral embolism (such as an infec-
ive endocarditis, biological and/or mechanical heart valves
nd/or symptomatic carotid artery stenosis were excluded.
Clinical variables included age, gender, type of sep-
is (gram-positive or -negative microorganisms), an index
f severity of illness (the APACHE II score) and outcome
survivor/non survivor). TCD data included the number of
icro-embolic signals observed during 30min.
opulation
0 patients were included in the study.
mbolus detection
ach patient, the left or right middle cerebral artery
MCA) was insonated for 30min with a 2MHz transcranial
oppler (EMS-9U/DelicaSystem/Shenzen Delicate Electron-
cs Co. Ltd./China). If small emboli are circulating towards
he brain, the middle cerebral artery Doppler velocity wave-
orm will show MES, which can be quantiﬁed by automatic
oftware algorithms (see Fig. 1).
Video 1 shows a solid single MES. This video can be also
e downloaded at http://goo.gl/Nsl1F.
Off-line analysis of the audio signal was performed
y two human experts (RH and RK) who used soft-
are that had been developed and validated to detect
ntensity transients of short duration indicative for micro-
mbolism (embolus detection system distributed by SMT
edical/Wuerzburg/Germany) [10]. The MES must be dif-
erentiated from other short intensity increases not caused
y emboli. These intensity increases are called by deﬁnition
artefacts’ (see Fig. 2).
The EDS has a neural network that classiﬁes an intensity
ncrease in either a MES or artefact. According to an Inter-
ational Consensus Committee, the following three main
riteria were used to deﬁne a MES signal. First, the MES
hould have an unidirectional velocity, second the MES sound
hould have a musical aspect and third, the intensity should
ncrease the 3 dB level [12]. All other transients above the
dB which do not fulﬁll MES criteria are labelled as arte-
acts. For viewing a so-called TCD probe movement artefact
ook at video 2. This video 2 can also be downloaded at:
ttp://goo.gl/T7uEY.
tatistics
ata were entered and analysed in SPSS, version 16.0
SPSS Inc., Chicago, Illinois). Baseline characteristics
ncluded descriptive statistics of the patients. According
o the hypothesis no embolism is expected. However if
mbolism would be present Student t-two-tests with cere-
ral embolism (present/not present) as grouping parameter
ill be applied to determine whether cerebral embolism
226 M. Hunfeld et al.
Figure 1 Normal blood ﬂow velocity waveforms of the middle cerebral artery on the left with a high intensity transient indicative
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sor an embolus that ﬂows through this artery towards the bra
scillation indicative for a so-called micro-embolic signal (MES)
ere related to certain patient parameters such as age,
ender, gram type of sepsis, APACHE II score and outcome.
o evaluate the contribution of these parameter and cere-
ral embolism 2× 2 matrixes are used. A signiﬁcant value of
< 0.05 is employed.
ublishing ethics
thical and legal aspects of this study were approved by
he Medical Research Committee Zuid Holland (#07-030).
ll representatives of the ICU patients signed an informed
onsent.
esults
pidemiology
3 male and 7 female patients were investigated, with a
ean age of 61.3 years (range 23—79 years). Mean pulse rate
f these patients was 106 beats/min with a range between
0 and 170 beats/min. APACHE II score varied between
1 and 47 (mean value 28.8). In 3 patients the bacte-
ial cultures were not conclusive, 11 patients experienced
gram-negative sepsis, 6 patients a gram-positive sepsis.
ixty ﬁve percent of the patients did not survive.
p
i
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igure 2 Normal blood ﬂow velocity waveforms of the middle cer
he baseline indicative for a movement artefact. On the right side
tarts to oscillate at a very low frequency.n the right side the TCD audio signal that shows a very rapid
CD embolism
one of the patients showed cerebral embolism.
iscussion
he present study shows that none of the patients showed
igns of ongoing cerebral embolism. Cerebral embolism
eems at least an infrequent ﬁnding during septic shock.
his study proves direct evidence that (late) septic
ncephalopathy and septic shock are not related to cere-
ral micro-embolisation [7]. One should realize that in the
urrent study we excluded patients with known embolic
ources. It is for instance well known that patient with sep-
ic endocarditis and patients with unstable carotid artery
esions do show ongoing embolism and that these embolism
re predictors of an increased stroke risk [13,14]. However,
either embolism nor strokes seems to play a role in septic
ncephalopathy and septic shock.
Strong aspects of this study are that TCD, due to its high
pecial resolution, is extremely sensitive to pick up MES and
econdly that to our best knowledge no earlier studies are
ublished which addressed ongoing cerebral embolism dur-
ng septic shock.
There are, however, also some critical points to make
egarding the duration of monitoring, the intensity threshold
ebral artery on the left with a high intensity transient around
the audio signal. Due to the probe movement the audio signal
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and the timing of monitoring. The current study was per-
formed in patients with a late encephalopathy already
treated with antibiotics. Therefore the current observa-
tions cannot be extended to the early septic encephalopathy
which precedes the multi-organ failure and hypotension.
Secondly the duration of the monitoring was limited to
30min. This time-window seems reasonable to detect MES in
patients with septic endocarditis and symptomatic carotid
artery stenosis however longer periods of monitoring might
be needed in case embolism during septic shock is an infre-
quent event. Long term monitoring by for instance robotic
TCD probes built into a head band could easily increase the
monitoring time for 24 h or more [15]. Finally according to
established criteria in the literature human experts use the
3 dB intensity. However, very small embolic particles which
generate sub 3 dB intensity MES signals might escape detec-
tion. These so-called low intensity emboli are observed in
patients with symptomatic carotid artery stenosis and are
related to the high intensity MES [16].
In conclusion this study proved direct evidence that ongo-
ing cerebral embolism plays no role in the development of
late septic encephalopathy. This observation has an impor-
tant clinical repercussion, because if TCD exams reveals
ongoing embolism in septic shock patients, these events can-
not be attributed to the septic shock itself rather it would
indicate for a vigorous search for an embolic source.
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